INTRODUCTION
============

The height of a rectal tumor above the anal verge (tumor height) is an important factor in determining the treatment plan---for example, administering preoperative chemoradiotherapy (PCRT) or sphincter preservation---and for comparing the results of treatment. Several studies have reported differences in oncologic outcomes (local recurrence or disease-specific survival) according to tumor height \[[@b1-ac-2018-07-31]-[@b4-ac-2018-07-31]\]. In addition, tumor height is suggested as a standard for determining which surgical treatment, such as transanal excision, is most appropriate \[[@b5-ac-2018-07-31]-[@b7-ac-2018-07-31]\].

The method used to measure tumor height varies across institutions and among studies; there is no consensus on a standard method. Moreover, the method used is often not stated in rectal cancer studies. In some trials, a rigid proctoscope was used to measure tumor height; in another phase II study, digital rectal examination (DRE) and colonoscopy were used \[[@b8-ac-2018-07-31]-[@b10-ac-2018-07-31]\]. Some prospective trials did not describe the method used \[[@b11-ac-2018-07-31], [@b12-ac-2018-07-31]\]. Similarly, heterogeneity of measurement modalities is also found in several comparative studies on low rectal cancers \[[@b13-ac-2018-07-31]-[@b17-ac-2018-07-31]\]. However, tumor height can differ according to the modality used for measurement, even in the same patient; this can result in confusion regarding which value to use to make treatment decisions.

Unfortunately, there is a paucity of evidence regarding the extent of the measurement differences among diagnostic modalities and regarding which method is most accurate. Hence, this study aimed to compare the tumor height, as measured by using magnetic resonance imaging (MRI), DRE and colonoscopy---all commonly used in diagnosing rectal cancer---and to evaluate factors associated with differences among these diagnostic modalities.

METHODS
=======

Patients and the measurement of tumor height
--------------------------------------------

From March 2014 to November 2016, we identified 100 consecutive patients with rectal cancer located within 15 cm of the anal verge for whom recorded tumor height values, measured by using MRI, DRE, and colonoscopy, at Asan Medical Center, Seoul, Korea, were recorded. This study was approved by the Asan Medical Center Institutional Review Board (S2018-0464-0001), and was eligible for exemption from informed consent. Tumor height was measured before patients underwent PCRT because the measurement might be different after PCRT due to tumor regression and because in patients with a good response to PCRT, determining the tumor height via DRE might be difficult. Patients who did not undergo at least one of these diagnostic modalities were excluded.

DRE was performed with the patient in a left lateral decubitus position. After lubrication had been applied, the examiner's gloved index finger was gently inserted up to the rectal cancer; the tumor height was measured from the anal verge to the tip of the straightened finger. Four expert colorectal surgeons performed the DREs; each of them had experience with treating at least 500 patients with rectal cancer at a single institution. Colonoscopy was performed by endoscopic specialists with a flexible colonoscope (CF-H260 AL/I, CF-HQ290 AL/I, Olympus, Tokyo, Japan). On withdrawal of the scope, tumor height was measured from the lower margin of the tumor to the anal verge.

An expert, board-certified, gastrointestinal radiologist, who had reviewed the MRI images of 300 patients with rectal cancer, reviewed the MRI images of the study subjects to determine the tumor length and the anatomical distance from the anal verge to the lowest margin of the tumor, from the anal verge to the upper margin of the tumor, and from the anorectal junction to the lowest margin of the tumor. In accordance with a national recommendation, tumor height was measured by using a curvilinear measurement and by drawing multiple linear lines along the approximate luminal center of the rectum and the anus in the midline sagittal plane ([Fig. 1](#f1-ac-2018-07-31){ref-type="fig"}) \[[@b18-ac-2018-07-31]\].

We divided rectum into 3 parts, as defined in the chapter on the surgical treatment of patients with rectal cancer in the American Society of Colon and Rectal Surgeons' textbook on colon and rectal surgery, as follows: lower rectum, \<5 cm; midrectum, 5--10 cm; and upper rectum, 10--15 cm from the anal verge \[[@b6-ac-2018-07-31]\]. In addition, we classified tumors according to their intraluminal location, as determined by MRI, as ventral, lateral, dorsal, or encircled masses.

Statistical analysis
--------------------

Categorical variables were compared using Pearson chi-square test. Continuous variables were compared using the independent samples t-test and by computing intraclass correlation coefficients. Logistic regression was used for univariate and multivariate analyses, and both Cohen kappa and weighted kappa tests were performed to evaluate agreement in the measurements of tumor height among modalities. Univariate and multivariate analyses were used to identify factors associated with concordance of tumor height measurements among modalities. All numbers are expressed as means and standard deviations. A P-value \<0.05 was considered statistically significant. All statistical analyses were performed using IBM SPSS Statistics ver. 21.0 (IBM Co., Armonk, NY, USA).

RESULTS
=======

Patient characteristics
-----------------------

The median age of the patients was 59 years, with a male preponderance (60% men). Using MRI, we found that the mean longitudinal tumor length was 36.7 ± 1.3 mm and that most tumors were located laterally in the intestinal lumen. Furthermore, most tumors (64%) were clinical T3 stage, and 80% were determined to have a positive nodal status. Patients underwent sphincter-saving surgery, abdominoperineal resection, or transanal excision according to their cancer stage and location; those who met the criteria underwent surgery after having received PCRT. Pathologically, the majority of patients had stage T3 tumors (50%) and a negative nodal status (54%). The rates of positive lymphovascular and perineural invasion were 25% and 16%, respectively ([Table 1](#t1-ac-2018-07-31){ref-type="table"}).

Measurement of tumor height according to diagnostic modality
------------------------------------------------------------

The mean heights of the low margin of the tumor above the anal verge were 77.8 ± 3.3, 52.9 ± 2.3, and 68.9 ± 3.1 mm as measured by using MRI, DRE, and colonoscopy, respectively (P \< 0.001). The mean difference was largest between measurements obtained via MRI and DRE (40.9 ± 32.7 mm), and was smallest between those obtained via MRI and colonoscopy (9.0 ± 23.5 mm). The mean difference between DRE and colonoscopy was 19.3 ± 17.3 mm ([Fig. 2](#f2-ac-2018-07-31){ref-type="fig"}).

Most tumors were located in the midrectum according to MRI (57%) and colonoscopy (57%), but DRE reported most tumors (58%) as being low rectal cancers. The proportion of upper rectal cancers identified was greatest when assessed by using MRI rather than the other diagnostic modalities (MRI, 20%; DRE, 2%; colonoscopy, 7%; P \< 0.001) ([Table 2](#t2-ac-2018-07-31){ref-type="table"}). The upper tumor margin was a mean distance of 118.2 ± 3.9 mm above the anal verge when measured by using MRI. Most midrectal cancers (21 of 35, 60%) extended into the upper rectum.

Concordance among the diagnostic modalities and associated factors
------------------------------------------------------------------

When the tumors were classified into their sublocation within the rectum, the locations of 39 tumors (39%) reported by the three modalities were the same. MRI showed 59% and 42% of concordance rates with colonoscopy and DRE. Between DRE and colonoscopy, the rate of concordance was 71%. Statistically, both DRE and colonoscopy showed mild to moderate concordance with MRI according to Cohen kappa and the weighted kappa analyses. In particular, MRI showed slightly more concordance with colonoscopy than with DRE ([Table 3](#t3-ac-2018-07-31){ref-type="table"}).

In the univariate analysis, early T stage (cT1 or 2) and negative nodal status were associated with concordance in the measurements of tumor height among the 3 modalities. In the multivariable analysis, only early cT stage was, although not significantly (P = 0.069) ([Table 4](#t4-ac-2018-07-31){ref-type="table"}).

DISCUSSION
==========

In the present study, we observed notable variation in the measurement of tumor height among the three diagnostic modalities. Moreover, the concordance between the measurements obtained was unsatisfactory. Each diagnostic modality has its own characteristics. DRE is easy to perform and provides tumor fixity and the exact intraluminal location of the tumor. However, it is a subjective measure and cannot assess most upper rectal cancers; hence, the information obtained via DRE, compared with other modalities, is limited. Furthermore, it can miss early rectal cancers \[[@b6-ac-2018-07-31]\]. In this study, the values of tumor heights measured by using DRE were shorter than they were for the other modalities.

A rigid proctoscope allows for accurate measurement of the tumor height \[[@b19-ac-2018-07-31]\], but it has been replaced by the long-length flexible scope; the latter gives more information and examines the whole large intestine. Recently, most studies and hospitals, including our institution, have not used rigid scope for height measurements of rectal cancer. For this reason, this study adopted the flexible scope, which is the preferred diagnostic modality, rather than a rigid scope. Colonoscopy gives more information, including the overall shape, size, and intraluminal status of a rectal tumor. However, when using a flexible scope, the measurement of tumor height may be inaccurate---measuring a distance greater than the true distance---depending on how much of the rectum is redundant \[[@b7-ac-2018-07-31]\]. In this study, the concordance was higher between MRI and colonoscopy than between MRI and DRE. MRI and flexible colonoscopy use curved or curvilinear measurements, but DRE tends to measure a straight distance with a straightened finger. These different measurement mechanisms may be the reason for the higher concordance between MRI and colonoscopy.

MRI allows for objective measurement of the location of a rectal tumor. Additionally, it can provide information about the tumor's progression, its relationship with adjacent organs, and its overall shape. However, detecting early or small lesions by using MRI may be difficult, and sometimes DRE can establish more accurately than MRI whether the rectal cancer has invaded the vagina or prostate gland. However, MRI is more beneficial than DRE or colonoscopy in cases of obstructive rectal cancer. Each diagnostic modality has its own advantages and shortcomings, yet comparative studies are difficult to find. Thus, the feature of the rectal cancer must be used to determine which modality is most appropriate and should be used.

According to several reports, the measurement of tumor height may be affected by many possible factors, such as age, sex, tumor stage, luminal location, and the posture of the patient. The rectal length can be altered by changes in the tone of the anal sphincter complex that occur in the awake and the anesthetized states \[[@b20-ac-2018-07-31]\]. In addition, the external anal sphincter is reported to be shorter in women than in men and to become thinner with aging \[[@b21-ac-2018-07-31]\]. Some studies found that the level of peritoneal reflection differed between men and women \[[@b7-ac-2018-07-31], [@b22-ac-2018-07-31], [@b23-ac-2018-07-31]\], whereas others reported no sex-specific differences, reporting rather that the level of the sacral promontory or the patient's height was more important \[[@b24-ac-2018-07-31], [@b25-ac-2018-07-31]\]. In this study, age and sex did not affect agreement in the measurements of tumor height among the 3 modalities (age, P = 0.30; sex, P = 0.56). Contrary to age and sex, the fixity and the luminal location of the tumor do affect the measurement of tumor height by each modality.

We thought that the rate of concordance among the diagnostic modalities would be higher for cancers with a more advanced T-stage because we thought that the fixity of the tumor would provide a more constant tumor height than would be found in early cancers with redundant rectum. However, the rate of concordance was higher in early cancers (65%, 13 of 20) than advanced cancers (32.5%, 26 of 80). Earlier staged cancers do not show fixation to adjacent structures, so during a measurement such as with DRE or colonoscopy, the distal rectum would be more freely straightened than it would be for advanced cancers. This may be the reason for the difference in concordance rate according to tumor stage. Moreover, due to the curved anatomy of the rectum, we presumed that the luminal location of the rectal cancer would be associated with the measurement of tumor height by each modality; however, luminal tumors were not associated with the rate of concordance among the modalities (P = 0.393). Additional studies with larger pools of patients are needed to verify this finding.

In this study, 61.4% of midrectal tumors were located above the level of the peritoneal reflection and 75.4% extended into the upper rectum. Interestingly, in 1 patient (4.3%) with a low rectal cancer, the (large) tumor extended above the level of the peritoneal reflection. The peritoneal reflection and whole extent of the tumor---including its upper margin---are important landmarks for determining the type of treatment. In our institution, DRE was the most reliable modality for determining the length of the distal margin for low or midrectal cancers before radical surgery, and MRI was useful for comparing levels with adjacent structures, such as the peritoneal reflection, when a patient is scheduled for PCRT.

This study has some limitations. First, bias according to the test performers is possible. DREs were performed by 7 surgeons in this study, but no significant differences according to the surgeon were noted (P = 0.081) when DRE measurements were compared with MRI measurements. Colonoscopy was also performed by many specialists. However, due to the small number of enrolled patients, statistical analyses according to the colonoscopists were not possible. However, the tumor height from the anal verge was routinely checked during withdrawal of the scope with reduced curvature. Second, we only demonstrated differences among diagnostic modalities; we did not suggest which modality was an adequate tool for determining rectal cancer treatment. However, we can conclude that finding a standard best tool is not practical in this era of diverse treatment options; rather, a consensus on landmarks and more diversified indications are needed for the various treatment options.

In this era of diverse treatment options for patients with rectal cancer, the tumor height of the rectal cancer is an important variable for determining the treatment option and posttreatment oncologic outcomes. However, in this study, the concordance rate among three modalities (MRI, DRE, and colonoscopy) for measuring the tumor height was only 39%. Thus, well-designed studies are needed to establish more diversified indications according to the treatment options, as is more discussion on a descriptive consensus on how to measure the tumor height.

No potential conflict of interest relevant to this article was reported.

![Tumor height measurement using magnetic resonance imaging. The location of the rectal cancer (red arrows) and the tumor height were measured from the anal verge to the lowest margin of the cancer along the luminal center of the anorectum in the midsagittal plane (red lines).](ac-2018-07-31f1){#f1-ac-2018-07-31}

![Difference in the height of the tumor among modalities (mean ± standard deviation, mm). The mean difference was the largest between MRI and DRE while the smallest was between MRI and CSPY. MRI, magnetic resonance imaging; DRE, digital rectal examination; CSPY, colonoscopy.](ac-2018-07-31f2){#f2-ac-2018-07-31}

###### 

Characteristics of the patients (n = 100)

  Variable                                                  Value
  --------------------------------------------------------- -------------
  Age (yr)                                                  59.0 ± 13.1
  Sex                                                       
   Male                                                     60 (60)
   Female                                                   40 (40)
  cT stage^[a](#tfn1-ac-2018-07-31){ref-type="table-fn"}^   
   1                                                        1 (1)
   2                                                        19 (19)
   3                                                        64 (64)
   4                                                        16 (16)
  cN stage^[a](#tfn1-ac-2018-07-31){ref-type="table-fn"}^   
   Negative                                                 20 (20)
   Positive                                                 80 (80)
  Luminal tumor location                                    
   Ventral                                                  29 (29)
   Lateral                                                  31 (31)
   Dorsal                                                   19 (19)
   Encircling                                               21 (21)
  Type of operation                                         
   Sphincter-saving surgery                                 93 (93)
   Abdominoperineal resection                               2 (2)
   Local excision                                           4 (4)
   No treatment                                             1 (1)
  (y)pT (n = 99)                                            
   0                                                        10 (10)
   Tis                                                      1 (1)
   1                                                        12 (12)
   2                                                        23 (23)
   3                                                        50 (50)
   4                                                        3 (3)
  (y)pN (n = 95)                                            
   Negative                                                 54 (54)
   Positive                                                 41 (41)
  Lymphovascular invasion (n = 99)                          
   Negative                                                 74 (74)
   Positive                                                 25 (25)
  Perineural invasion (n = 99)                              
   Negative                                                 83 (83)
   Positive                                                 16 (16)

Values are presented as mean ± standard deviation or number (%).

Magnetic resonance imaging-based measurement.

###### 

Sublocation of rectal tumors according to diagnostic modality (n = 100)

  Modality and tumor location   MRI   Agreement rate        
  ----------------------------- ----- ---------------- ---- -----
  DRE                                                       
   LR                           21    36               1    
   MR                           2     21               17   40%
   UR                           0     0                2    
  Colonoscopy                                               
   LR                           17    18               1    
   MR                           6     37               14   59%
   UR                           0     2                5    

MRI, magnetic resonance imaging; LR, lower rectum; MR, mid-rectum; UR, upper rectum; DRE, digital rectal examination.

###### 

Concordance among MRI, colonoscopy, and DRE measurements of tumor height

                   DRE                                                   Colonoscopy                                                         
  ---------------- ----------------------------------------------------- ------------- ----------------------------------------------------- ------------
  Concordance      0.44                                                  0.34--0.54    0.59                                                  0.45--0.65
  Cohen kappa      0.12^[a](#tfn2-ac-2018-07-31){ref-type="table-fn"}^   0.07--0.25    0.37^[a](#tfn2-ac-2018-07-31){ref-type="table-fn"}^   0.13--0.45
  Weighted kappa   0.25^[a](#tfn2-ac-2018-07-31){ref-type="table-fn"}^   0.14--0.35    0.37^[a](#tfn2-ac-2018-07-31){ref-type="table-fn"}^   0.23--0.51

MRI, magnetic resonance imaging; DRE, digital rectal examination; CI, confidence interval.

0 = disagreement; 1 = complete agreement.

###### 

Factors associated with MRI-based coincidence of tumor height

  Variable           Univariate analysis   P-value        Multivariate analysis   P-value                  
  ------------------ --------------------- -------------- ----------------------- --------- -------------- -------
  cT stage                                                0.01                                             0.069
   cT1--2            1                     \-                                     1         \-             
   cT3--4            0.259                 0.092--0.727                           0.340     0.106--1.088   
  cN stage                                                0.036                                            0.331
   cN0               1                     \-                                     1         \-             
   cN+               0.340                 0.124--0.930                           0.563     0.176--1.795   
  Luminal location                                        0.393                                            \-
   Ventral           1                     \-                                                              
   Lateral           2.027                 0.716--5.736                           \-        \-             
   Dorsal            0.877                 0.255--3.011                           \-        \-             
   Encircling        0.950                 0.290--3.114                           \-        \-             
  Sex                                                     0.867                                            \-
   Male              1                     \-                                     \-        \-             
   Female            1.072                 0.473--2.433                           \-        \-             
  Age                1.000                 0.970--1.032   0.978                   \-        \-             \-

MRI, magnetic resonance imaging; OR, odds ratio; CI, confidence interval.
